Objective To examine variation in reported quality and working conditions of pre-registration house of®cer (PRHO) posts. To use multilevel modelling to determine how much of the variation was due to the effects of consultant ®rms, hospitals, trusts and deaneries, as well as variation at the level of the individual doctor.
Introduction
Pre-registration house of®cer (PRHO) jobs have been controversial since their introduction in the 1950s, 1 the quality of training being extremely varied, the work load excessive and the stated educational aims often being absent. 2 In the 1990s a concerted effort was made at improvement, with the GMC issuing guidelines for posts; 3 at the same time universities and postgraduate deans, who were jointly responsible for the posts, introduced many reforms. 4 A fundamental question in evaluating PRHO posts concerns the interpretation of reasons for variation. If a job is rated as poor, working conditions said to be inadequate, work loads described as excessive, or PRHOs report they are stressed or burned out, what is the locus of that problem? Does it re¯ect the individual doctor, the consultant`®rm' for which they are working, the hospital, the trust of which the hospital is a part, or the postgraduate deanery? It should be noted that although we are asking this question speci®cally in the context of PRHO posts, the problem is an extremely general one, and is found throughout complex hierarchical organisations, such as the NHS, medical schools, universities, etc., and the approach described here is applicable to all of them.
Data of this type are multilevel, 5 and can be examined statistically by means of multilevel modelling (MLM). MLM was developed by educational statisticians, to differentiate the effects of classes, teachers, schools, and education authorities upon children. Health data are likewise hierarchical, 6 and in the case of PRHO posts, variance can in principle be separated at the level of individual doctor, ®rm, hospital, trust and deanery, which are`nested' inside each other. In essence, the method asks whether reports of two PRHOs working for the same ®rm of consultants are more similar than doctors at the same hospital working for different ®rms; and likewise, whether reports from two ®rms in a hospital are more similar than those from two ®rms at different hospitals within a trust, whether reports from two hospitals in a trust are more similar than those from different trusts within the same deanery, and whether reports from two trusts in the same deanery are more similar than those from trusts in different deaneries.
The partitioning of variance is not merely an academic exercise. If variance is principally at a particular level, for example the hospital, then that is the level at which change can probably be implemented most effectively, since existing differences must have causes which can be understood. The absence of variation at a particular level most probably means that local policy differences have little impact on the outcome, so merely changing policies at that level is unlikely to effect change. Alternatively, the lack of variation at a level might be construed as regulation from a higher level (just as there is little variation in the basic structure of the PRHO year since that is controlled by statute). If therefore variation is, for instance, entirely at the level of the individual doctor, then it might be unrealistic to expect individual deaneries, trusts, hospitals or ®rms to be able to intervene to cause change since little pre-existing variance is present at those levels.
In this paper we describe a large-scale national survey of a cohort of PRHOs. Their reports of working conditions and the quality of their posts are analysed by means of multilevel modelling.
Methods
The study began as a prospective cohort study of medical student selection, looking at 6901 applicants to UK medical schools in Autumn 1990 for admission in October 1991. 7, 8 The questionnaire was kept brief in order to ensure a good response rate, and comprised a single sheet of folded A3 paper. Applicants were asked to describe the consultant ®rm, the hospital, and the speciality, and to rate the overall quality of the job for each of their separate PRHO posts. They were asked to describe the working conditions (hours, on call rota, sleep on call, numbers of patients clerked, and numbers of doctors on the ®rm) for just their current post. Jobs in obstetrics were coded as surgical, and jobs in general practice were omitted from the analysis. The questionnaire also included a 12-item General Health Questionnaire (GHQ), 11 an abbreviated Maslach Burnout Inventory 12 with three items on each of the three subscales, and four questions on each of two subscales on uncertainty in medicine. 13 PRHOs were also asked whether they were considering a career outside of medicine, about the quality of careers advice during their PRHO post, and about the experience of harassment. Additional questions not reported here asked about personality, stress, coping, and career preferences.
Conventional statistical analysis used SPSS for Windows 9á0, and multilevel modelling used MLwiN 1á02.
14 Signi®cance levels in multiple regression were set at 0á01 to correct in part for alpha in¯ation.
Results
Questionnaires were sent to 2456 PRHOs, of whom 1435 (58á4%) sent usable replies. Comparison of respondents and non-respondents on baseline measures suggested, as in previous studies, 8 that there was little bias. The 1435 respondents reported on a total of 4926 posts, which were held for a mean of 3á4 months (SD 1á4), on 2721 identi®able consultant ®rms, in 336 hospitals, in 264 trusts and in 17 deaneries.
Overall rating of posts
Two jobs in general practice were omitted from the present analysis. Table 1 shows PRHOs' overall ratings of each post in which they had worked. 6á5% (308/4724) of jobs were rated as not very good, poor or bad; medical jobs were rated more highly than surgical jobs.
Multi-level modelling
The primary interest of the study was in the PRHOs' ratings of the various jobs they had carried out. A ®ve-level model was ®tted, individual ratings being at the lowest level, nested inside consultant ®rms, which were nested inside hospitals which were nested inside trusts which were nested inside deaneries. Since, from discussion with PRHOs, it was expected that surgical jobs would be less popular than medical jobs, the difference was modelled by a ®xed effect at the lowest level, and it was highly signi®cant. Exploratory modelling showed no evidence of differences between medical and surgical jobs at any of the higher levels. Table 2 shows the estimated components in the ®nal model. The numbers in the table show the estimated effect in the model present at that level, along with the standard error of the effect. Variances are only left in the model if they are signi®cant at the 5% level. Because variances can only be positive or zero, it is conventional in MLM to remove variance components from the model which are not statistically signi®cant and replace them with zero values.
*
In ®tting the model it was found that the effect of deanery was not signi®cant and it was therefore dropped from the model. The effects of trust and hospital were somewhat confounded due to many trusts only having a single hospital; however, the joint effect of hospital and trust was highly signi®cant but it was not possible to distinguish the individual components in a useful way.
** The effect of consultant ®rm was highly signi®cant.
It is clear from the MLM that there are signi®cant differences between hospitals/trusts which account for about 24% of the variance above the level of the individual response. Figure 1 shows the estimated mean rating at each of 302 hospitals. There are highly signi®cant differences between the best and the worst rated hospitals. The highest rated hospital was in Yorkshire, where 13/29 (45%) had described the posts as excellent, and none as not very good, poor or bad. In contrast at the worst rated hospital, in Scotland, only 1 of 15 PRHOs (7%) described their post as excellent, whereas 6 (40%) described the posts as not very good, poor or bad. The remaining 76% of variance above the Table 1 The ratings made by the PRHOs of each individual medical and surgical job that they carried out. The ®rst two columns show the ratings separately for medical and surgical posts, and the third column for all posts. The fourth and ®fth columns show the ratings made by PRHOs at the best and worst hospitals, and the sixth and seventh columns show the ratings made by PRHOs working for the best and worst consultant ®rms *MLM estimates two different types of effect. Fixed effects are similar to the effects estimated in multiple regression, and can be regarded as means or slopes, and can take negative or positive values. Random or variance effects are variances and hence can only take positive or zero values. In the present study the ®xed effect of medicine versus surgery jobs is primarily a nuisance effect, and hence the description of the analysis is primarily in terms of the variance effects. **As a result the standard errors of the variances due to hospital and trust are relatively large. However removal of either results in the other being signi®cant. level of individuals was due to consultant ®rm. Figure 2 shows the effect for each of 2555 ®rms. For the highest rated ®rm, 5 of 9 PRHOs had described it as excellent, compared with the worst ®rm which, 3 of 4 PRHOs had described as not very good, poor or bad ( Table 1) . As is conventional in MLM, 15 1á4 standard error bounds are indicated for estimates, and those which do not overlap are individually statistically signi®cant with P < 0á05. It is perhaps worth emphasising that although there is no doubt that there are signi®cant differences between hospitals and ®rms, the majority are not signi®cantly different from the rest.
Job characteristics
The working conditions vary in PRHO posts, in particular in the on call rota, the working hours, the number of patients admitted and the number of other doctors on the ®rm. It is possible that these are related to the perceived quality of a PRHO post. shows job quality (of the current post only) in relation to summaries of these measures. It is clear that the rating of a post shows little relation to working conditions. Stepwise multiple regression of job ratings on the 14 measures of working conditions shown in Table 2 taking medical/surgical differences into account found only one that was signi®cant at P < 0á01; jobs were rated more highly if there were more emergency admissions per week (beta 0á131, z 4á66, P < 0á001).
Multilevel modelling shows that the working conditions of PRHOs are affected by the consultant ®rm, by hospital, by trust, and also by deanery ( Table 2) .
Measures of stress
The GHQ-12 is conventionally scored in several different ways. For epidemiological purposes the four responses on each GHQ question can be scored as 0-0-1-1 (i.e. the two least stressed responses are scored as zero and the two most stressed responses are scored as one). Psychiatric`caseness' is then calculated for epidemiological purposes using a 3/4 threshold (i.e. scores of 4 or more are cases, scores of 3 or less are not). Overall 31á7% (422/1330) of the PRHOs met the GHQ criterion for psychiatric caseness. The 0-0-1-1 scoring of the GHQ results in a very skewed distribution in which most individuals score zero. For a more powerful and detailed statistical analysis it is common to score the GHQ on a 0-1-2-3 basis, giving a score of zero for the least stressed response and 3 for the most stressed response. The distribution is then far more Gaussian with very few individuals scoring zero. Figure 4 shows there is a strong relationship between current job rating and GHQ score (0-1-2-3 scoring), high scores on the GHQ indicating greater stress levels. Multiple regression of current job rating on the six stress-related measures shown in Table 2 found that only GHQ was a signi®cant predictor (z 3á381, P 0á001). Multilevel modelling of the stress-related measures showed, with a single exception, that none of the measures had variance at the level of ®rm, hospital, trust or deanery, the variance all being at the level of the individual doctor. The sole exception was that personal accomplishment (the`positive' subscale of the burnout inventory) also had variance at the hospital level.
Careers advice and a career outside medicine
PRHOs were asked if they had considered a career outside medicine: 26á2% had not considered it at all, 44á1% had thought about it occasionally, 22á0% had thought about it quite frequently, 3á8% were considering it quite seriously, 3á6% were considering it very seriously, and 0á4% had a de®nite intention not to practice in medicine. There was a small but very signi®cant association between the rating of the current PRHO post and an intention not to practice medicine (Kendall's tau 0á146, P < 0á001). Multilevel modelling found that none of the variance in intention not to practice in medicine was at the level of ®rm, hospital, trust or deanery (Table 2 ). PRHOs were also asked about the quality of the careers advice they had received during their PRHO year: 16á9% described it as very good, 12á4% as good, 19á0% as fair, 33á7% as poor, 14á1% as very poor, and 3á9% had had none. Better careers advice was correlated with a better rating of the current PRHO post (Kendall's tau 0á127, Figure 4 GHQ-12 score in relation to rating of current PRHO post. Each petal on the sun¯owers represents one PRHO. The ®tted line is a Lowess curve. A score of 1 indicates a rating of excellent and a score of 7 a rating of bad. A high score on the GHQ indicates that the PRHO is more stressed. P < 0á001), and a lower likelihood of a career outside medicine (Kendall's tau 0á092, P < 0á001). Multilevel modelling of careers advice found no evidence of variance at the level of ®rm, hospital or deanery, but there was signi®cant variance at the level of the trust (Table 2) .
Discussion
Although some 20% of PRHO posts are described as excellent, there are also some that are bad, 1% being explicitly described as such, with a further 2% poor and 4% not very good. The present study allows an explanation of the reasons for those differences. Despite PRHO posts varying quite substantially in working conditions, particularly in case load, case mix, normal working hours, on call commitment, and number of other doctors on the ®rm, almost none of these factors predict whether a job is rated as good or bad. The sole exception, that better jobs have a greater number of emergency admissions, dispels any simplistic notion that excessive workloads are the sole determinant of poor jobs. Our ®ndings are clearly in agreement with the conclusion of others that working hours bear little relationship to stress levels, 16 but disagree in ®nding any direct relationship of stress to amount of sleep. 17 Multi-level modelling of overall ratings of PRHO posts provides a clear picture that there is variance at the consultant level and at the hospital and/or trust level (hospital and trust not being clearly separable due to partial confounding). A poor rating is not therefore merely an idiosyncratic rating of a post by a single PRHO but instead re¯ects some consistent in¯uence of consultants on PRHOs and of hospitals themselves on PRHO posts. Bad jobs are in part therefore due to both bad consultant ®rms and bad hospitals.
Of particular interest is that deaneries seem to contribute no variance to PRHO post ratings. That might be because deaneries have no impact at all on PRHO posts, although that seems unlikely in that characteristics such as working hours, number of admissions, hours of sleep on call, and numbers of doctors on ®rms, clearly show deanery related variance; in interpreting such a result it must however, be emphasised that deaneries are heavily confounded with geographical regions, which are probably correlated with other aspects of local NHS organisation and working conditions.
That trusts and hospitals do in¯uence PRHO ratings is important, since it shows that organisational factors within the NHS can in¯uence how satisfactory are doctors' assessments of their jobs ± and that is over and above variance due to differences between consultant ®rms. Likewise as consultant ®rms clearly in¯uence working conditions of PRHO posts, they also in¯uence the perceived quality of jobs, albeit not through working conditions as such. That there is no consultant variance in measures such as contracted working week, on call rota, or length of working day (which consultants cannot be expected to in¯uence) but that these measures do have variance at the hospital level, acts as a validation of the statistical method and the quality of the data.
The residual effect at the lowest level of the multilevel model must be interpreted with care, since it is a mixture of measurement error and systematic differences. It is possible to estimate how much of the variance is likely to be systematic if it is supposed that on repeated testing a PRHO had a 50% chance of using exactly the same rating point on the seven-point scale for the overall quality of the job, a 25% chance of scoring one point higher and a 25% chance of scoring one point lower. We have evidence from other questionnaire studies that such proportions are reasonable.
Given the scoring scheme for the rating scale measuring the overall rating, then in such a case the variance due to measurement error would be 0á667. The systematic variance in the residual could then be calculated as 0á595 (i.e. 1á262±0á667), and the total systematic variance at all levels would be 0á842, of which about 7% would be at the level of the hospital, 22% at the level of the ®rm, and 71% at the level of the individual PRHO.
The PRHOs in our study show high levels of caseness on the GHQ, as in other studies of PRHOs, 18 although that may in part re¯ect the fact that our questionnaire was, in large part, explicitly about stress and methods of coping with it. 19 In interpreting these high GHQ scores, in addition to variation in other burnout and stress related measures, it is very important that no variance has been found at the level of consultant ®rm, hospital, trust or deanery. In other words two doctors on the same ®rm are no more likely to be similar in their stress levels than two doctors on different ®rms or at different hospitals. The implication is that differences in stress do not result primarily from organisational factors present in the administrative structure of hospitals, but instead re¯ect individual differences within the doctors themselves. That conclusion sets That means that if a job is rated`good' on one occasion then on the next it would have a 50% chance of being rated`good' again, a 1 in 4 chance of being rated`very good', a 1 in 4 chance of being rated as`adequate', and no chance of being rated as`excellent', not very good',`poor', or`bad'. Such proportions seem reasonable if a questionnaire is being completed seriously. important limitations on possible sources of action for in¯uencing stress levels. The tiny exception to the rule is, however, intriguing. Personal accomplishment, the conceptual opposite of burnout, does show variation at the hospital level; hospitals can therefore help in¯uence doctors to feel that they are achieving worthwhile results in their daily professional practice.
Dissatisfaction with PRHO posts has been claimed to in¯uence doctors' decisions about leaving medicine as a career. That is supported in part by a correlation in our data between job ratings and thoughts of leaving medicine. However the variation in wanting to leave medicine shows no components at the level of ®rm, hospital, trust or deanery, suggesting that organisation at these levels is not in¯uencing the decision, and implying that, perhaps like stress, it is a more personal, individual response at the level of the doctor alone.
Careers advice in our study showed much variation, and interestingly there is variance at the level of trusts, suggesting that some trusts are being more effective than others in making efforts to organise careers advice within their hospitals. In contrast, deaneries seem to be having little impact in an area where it might be expected that they could be very in¯uential.
This paper has shown that the success or otherwise of a PRHO post can be assessed straightforwardly by means of a large scale survey, and that the variation can be partitioned into different levels, of ®rm, hospital, trust and deanery. If carried out systematically at a national level and repeated over a number of years, the data would be more powerful for partitioning effects, although it is clear that the present sample has adequate statistical power for demonstrating the nature of differences and the feasibility of the approach. The method is moreover applicable to many other areas in undergraduate medical education, postgraduate medicine, and NHS organisation. In a much earlier paper, one of the present authors referred to the then PRHO year as being`chaos by consensus'; 20 the present study shows how to dissect the chaos and the consensus and assess its level, from deanery down to individual ®rms. It also shows that the dissatisfaction which led us then to talk of chaos is, to some extent, still present.
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